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EXECUTIVE SUMMARY

Southern California Edison (SCE) retained Quanta Technology to supplement the existing record in the
California Public Utilities Commission (CPUC) proceedings for SCE’s Alberhill System Project (ASP) with
additional analyses and alternative studies to meet the capacity and reliability needs of the Valley South
500/115 kV system. The overall objective of this study is to amend the ASP business case (including
benefit-cost analysis) and alternative study using rigorous and data-driven methods.

A comprehensive framework was developed in coordination with SCE to evaluate and rank the
performance of alternatives. This evaluation is complemented by the development of load forecasts for
the Valley South System planning area. Industry-accepted forecast methodologies to project load growth
and to incorporate load-reduction programs (energy efficiency, demand response, and behind-the-meter
generation) were implemented. The developed load forecast covers the horizon of 30 years (until year
the 2048). The forecast findings were used to verify and validate SCE’s currently adopted forecasting
practices.

The screening process for alternatives utilized power flow studies in coordination with quantitative
analysis to forecast the impacts of the alternatives under evaluation, including the ASP. The forecasted
impacts are translated into key reliability metrics, representative of project performance over a 30-year
horizon. Detailed analysis of the alternatives utilized the benefit-cost and risk analysis frameworks to
guantify the value of monetary benefits observed over the project horizon.

A total of 13 alternatives, including the ASP, were evaluated within this framework to validate
performance and contribution towards project objectives. These alternatives were categorized into
Minimal Investment, Conventional, Non-Wire, and Hybrid (Conventional plus Non-Wire) alternatives.

The key findings of this study are summarized as follows:

e Consistent with Industry accepted forecasting practices, two distinct methodologies were
implemented to develop load forecasts, namely Conventional and Spatial forecasts?.

= The two forecasts have been developed consistent with the load-growth trend currently observed
within the region, and California Energy Commission’s (CEC) Integrated Energy Policy Report
(IEPR) projections for load-reducing technologies.

=  Sensitivity analysis was performed to address the uncertainties of load-reducing technologies and
the state of California’s electrification goals.

= Across all forecasts the reliability need year was identified as 2022, except for one sensitivity that
identified 2021 as the need year.

= The Effective PV Spatial load forecast is found to be the most consistent with the load-growth
trend in the Valley South needs area. This forecast demonstrates a range of load from 1,083 MVA
to 1,377 MVA over 2019-2048.

e Several reliability metrics were utilized to quantitatively assess the performance of each alternative
under study. An evaluation of alternative performance demonstrated that ASP provides the highest

! The load forecasting methodologies and findings are documented in detail within Chapter 2 of this report.
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benefits across the study horizon. These benefits are the aggregate of the ASP contribution toward
the capacity, reliability, resiliency and operational flexibility needs throughout the study period in the
Valley South System. Considering the aggregated benefits over the 30-year horizon under normal and
emergency? conditions, the ASP results in 854 gigawatt-hours (GWh) of cumulative reduced unserved
energy, and $6 billion in cost savings to the customers. The alternatives demonstrating the highest
benefits following ASP are SCE Orange County, and SDG&E and Centralized BESS in Valley South.

The benefit-cost analysis framework was implemented to evaluate and compare individual alternative

performance.

= Non-wire alternatives remained cost-effective only under reduced load forecast levels (e.g.
Reduced Trend and Low sensitivities of the Conventional forecasts). Under other forecasts, non-
wire alternatives accrue sizably additional costs over time due to incremental storage sizing
necessary to address the load growth in the Valley South System.

= Conventional and Hybrid alternatives can better satisfy project objectives and long-term reliability
challenges throughout the Valley electric system.

= Mira Loma, ASP, and Valley South to Valley North alternatives exhibit the highest benefit-to-cost
ratio. Mira Loma and Valley South to Valley North have lower costs relative to ASP; while providing
sizably lower benefits than ASP.

The incremental benefit-cost framework was implemented to select among alternatives, and the

results demonstrated that ASP as the preferred alternative. The analysis is indicative of significant

unrealized benefits should a lower cost alternative be selected.

Risk analysis associated with forecast uncertainties demonstrates that:

= The costs associated with the incremental size of the non-wire alternatives (to keep pace with
peak load values) are substantial and result in reduced benefit-cost ratios.

= The benefits attributed to operational flexibility from non-wire alternatives are negligible.

The results of the reliability, benefit-cost, and risk analyses indicated that the ASP meets the project

objectives over the 10-year horizon and ranks the most favorable among the considered alternatives

over the 30 years period.

Findings and results reported in this document are based on publicly available information along with the
information furnished by the client at the time of the study. Quanta Technology reserves the right to
amend results and conclusions should additional information be provided or become available.

2 N-0, N-1 and Operational flexibility.

CONFIDENTIAL/PROPRIETARY © 2019 QUANTA TECHNOLOGY, LLC




‘@E\‘ QUANTA REPORT
@/ TECHNOLOGY

ALBERHILL SYSTEM PROJECT ALTERNATIVES ANALYSIS | SCE

TABLE OF CONTENTS

EXECUTIVE SUMMARY ....cuuiiiiiiiiiiiiiiitiieiiiiieniiiieneeisiesnesisiesassissienssssstessssssstesssssssessssssssenns iii
I o B S T ={ U USRS viii
LISt OF TABIES .ttt st ettt e b et esh e sh e she e sat e s ae e eae e ene sheenreenneens iX

1  INTRODUCTION ....ccuiiiiiiiiiieiiiieiininiiieeitieeiersneisieesertnsiersessstessersasssrsnssssasssrsnssssasssrsnsssnsnsens 1
O R o oY [ Tot fl 2 - ol 4= oYU o Yo U 1
R Y ole Yo TN o] ALY o USSR 3
RS T |V 11 o Yo [o] oY -V RSP SP 4
1.3.1 Task 1: Detailed Project Planning........ccueieeciiieiiiiiee ettt eertre e e e e et e e e vae e e avae e e 4

1.3.2 Task 2: Development of Load Forecast for the Valley South System .........cccovveeieiivicnnnnnnn... 5

1.3.3  Task 3: Reliability AsseSSMENt OF ASP ... e e e errre e e e e 5

1.3.4 Task 4: Screening and Reliability Assessment of Alternatives ..........cccoceeeciieieecieececveeeeeee, 5

1.3.5 Task 5: BeNefit-CoSt ANAIYSIS ...cccccuveiiiiiiie ettt eee e e sre e e e bae e e e sava e e e enbeeeeeanees 5

O < T o Lol u O] == 01741 { (0] TR PP PP PP PP PP PP P PP PPPPPPPPPP 5
2 LONG-TERM SPATIAL LOAD FORECAST ...c..ciiiteeniiiiieneniiiiieneiiiienesiiiesnesisimssssssmssnsssssssnssses 6
2.1  Base spatial [0ad fOrECAST ...uuuiiiii ittt e e e e e e e e e e et r e e e e e e e e ababaeeeeeeeenanbraaaeas 6
2.2 DER development from 2019 £0 2028 .......ccceeieeriiriieriiieieeieeieereeste ettt st st st 7
2.2.1  AAPV diSaBEregatioNn ..o cceiiiiiee et e e s e et e e e e e e e e nnarnreeaeeean 7

2.2.2 Disaggregation of other DER CAt@ZONIES ....ccccuvieieiiiieeeiiee ettt e e e etre e e e raeeeeaees 8

2.3 Forecasted DER development 2029 — 2048.........ccueeeeiieieeeiieeeeetee e eeiee e e sitee e e staee e e saaee e e e naee e eenraeas 8
2.3.1  AAPV growth from 2029 t0 2048 .......ccuueieieceiee ettt e et e e e ee e e ete e e e ate e e e erae e e enees 8

2.3.2  EV growth from 2029 t0 2048........ooviiiiiiieeeciiee ettt e e tee e e eete e e e stre e e ssataee e srteeeeebaeeaeans 10

2.3.3  Energy Efficiency growth from 2029 t0 2048.........c.oviiiiiiiieeiiiie et 12

2.3.4  ES growth from 2029 10 2048 .........euuiiiiieee ettt eeeeee e e e e e e et r e e e s e ettt e e e e e e nrraaaaaaeas 13

2.3.5 Demand Response growth from 2029 t0 2048.........ccoecrieeeeciiieeiiieeeecieeeeecreeeeereeeesaaee e 14

2.4 Valley South and Valley North long-term forecast results .........cccoceeeecieei e 14
3  RELIABILITY ASSESSMENT & BENEFIT COST FRAMEWORK .....ccccvviiiimmnniininnnnsininnnnsiiennen 19
7% A (01 4o Yo [V ot o Yo WO ST P P PUOPPR 19
3.2 Reliability Framework and Study ASSUMPLIONS ......coiiiiiiiiiiiieiee e 20
20 RS U o AV T 10 PSPPSRt 20

I ) (U 1o AV O 1 =T o = RSP 24

3.2.3 Reliability Study Tools and Application ........ccccuiiieieii i 24

3.2.4  Reliability MELIICS...uvviiiiiiiee ettt ettt e e e et e e et te e e e s bte e e eenbreeesantaeeesseaeeennes 29

3.3 Benefit-Cost Framework and Study ASSUMPLIONS ....cccccuiiiiiiiiiiee et e e evee e e 31

CONFIDENTIAL/PROPRIETARY © 2019 QUANTA TECHNOLOGY, LLC



S N QUANTA REPORT
@ TECHNOLOGY

ALBERHILL SYSTEM PROJECT ALTERNATIVES ANALYSIS | SCE

3.3.1  Benefit-Cost MethOdOIOZY .......ccoivuiiiiiiiiiei et e e s sbaeeeeaes 36
3.3.2  BESS REVENUE StACKING ....eeeiiieeee ettt e e e e e e et rre e e e e e e rannraeeeeaeean 38
3.3.3  RISK ASSESSMENT ..ot e e 40
4  RELIABILITY ASSESSMENT OF ALBERHILL SYSTEM PROJECT......cccciiiieiirmniiiniireeinnnennnnns 42
o R [0 { o o [¥ ot f oY JPUU USSR SO OO PP PO PPPPP 42
4.2 Reliability Analysis of the Baseling SYStem ..........uoeviiiiiiiiiiiic e 42
4.2.1 System Performance under Normal Conditions (N-0) .......ccccvuveeeeeeiiiiiiieeeeeeeeeirreeeeeeeeeinns 43
4.2.2 System Performance under Normal Conditions (N-1) ........cccceevuiiieiiieieeiiiee e e 44
4.2.3 Key Highlights of System Performance .......ccoooiiiieie it 45
4.3 Reliability Analysis of the Alberhill System Project (Project A).......ccueeeecieeeeccieee e 46
4.3.1 Description of Project SOIULION .......cociiiiiiee et rrrre e e e e 46
4.3.2 System Performance under Normal Conditions (N-0) .........cceccuereiiiiieeecciiee e 47
4.3.3 System Performance under Normal Conditions (N-1) ........ccceecieiiiiiieeeeiiiee e ecviee e 49
4.3.4  Evaluation Of BENEitS ...cueiiiiiiiieieesiec ettt s 50
4.3.5 Key Highlights of System Performance .......coooiiiiiie it 51
5 SCREENING AND RELIABILITY ASSESSMENT OF ALTERNATIVES.......ccccootrueiirenniirnenciennnnnes 52
70 R ) { o To U1 4 [ o IS TSP U PRSPPI 52
5.2 Project Screening and SEIECTION .......ooiuiiiiiiiiiiieieeee ettt et as 54
5.3 Detailed ProjeCt ANGIYSIS ..uuuiiiiiiiiiiiiieeee ettt e e e e e re e e e e s e satre e e e e s e s sanbtaae e e e e s ennnbtaeeeeeeeeannraaeees 55
5.3.1 San Diego Gas & EIeCtric (ProjeCt B) ....ccueiiirieiiieie ettt ettt sttt 55
5.3.2  SCE Orange County (Project C)....ouceireeieereenee ittt sbe e b e e 61
LT T8 B Y/ (=Y o V1 Y= (o o T =Tt ) ST USPNt 66
ST I S Y/ 1T I o] o o F- I 24 o =T or =) TSP 72
5.3.5 Valley South to Valley North project (Project F) .......cooecvieeieciieeecieee et 77
5.3.6  Valley South to Valley North to Vista (Project G)......cccecueeeeeciieeeciiee e 84
5.3.7 Centralized BESS in Valley South Project (Project H) .....c..coevcuieeiiiiiiieiieee e 90
5.3.8 Valley South to Valley North and Distributed BESS in Valley South project (Project ) ....... 96
5.3.9 SDG&E and Centralized BESS in Valley South (ProjectJ) ...cccccovveeveciericiieieceee e 103
5.3.10 Mira Loma and Centralized BESS in Valley South project (Alternatives K) .........ccc........... 109
5.3.11 Valley South to Valley North and Centralized BESS in Valley South and Valley North

g o =Tt o N IR SRS 115

5.3.12 Valley South to Valley North to Vista and Centralized BESS in Valley South project (Project
Y TP U PUPRPPPPRRPIN 123
5.4 SUMMArY Of FINAINGS .ooicuieiiiiiiie ettt ettt e e st e e s rat e e e e sbteeessnbaeeesantaeeessseeasanes 130

CONFIDENTIAL/PROPRIETARY © 2019 QUANTA TECHNOLOGY, LLC



%, | QUANTA REPORT
@/ TECHNOLOGY

ALBERHILL SYSTEM PROJECT ALTERNATIVES ANALYSIS | SCE

6  BENEFIT-COST ANALYSIS.... oottt e rs s rse e ssaes s raassensssnanssnes 133
6.1 INErOAUCTION .ottt s e s e s be e e sme e e sareesne e e neeennee 133
6.2 Benefit-Cost Calculation SPreadsheet ...........uuviiiiiiiecci e e e 133
6.3  Results from Benefit-Cost @NalySis .......iiiiiiiiiiiiiiiei ettt e e e e e e arare e e e e e e earnrees 134

6.3.1  PrOJeCt COSES. ittt e 134
6.3.2  Baseling SYSteM ANGIYSIS....cccciiiiiiiiiie it eceee ettt e e e e e et e e e ata e e e e aaaee s 136
e T T = 1T o 1< 1 o O T AV o = VA [T URPUR 137
6.3.4 Incremental Benefit-Cost ANAlYSis ........uviiiiiiiiiiiiiiiie e e e 139
6.3.5 Levelized Cost Analysis (S/UNIt BENEFIL) c..cceevveiiiiiieceicee ettt ettt e ens 144
I A 1 QY g = Y PSSR 148
6.5 SUMMAIY Of FINAINGS ..oeiiieeciieee ettt e et e e e et e e e e s eate e e e sbteeesenbaeeesastaeaesasseeaeanes 148

7 CONCLUSIONS ...ttt st tres s reas s snes s raasassaessssnssssasssssnsssrasssssnsssnanssses 150

8  REFERENCES .....cceuuiiiiiiiiiiiieeiiineeeii e tresee e s sssnes s s sssas st ssnassessennssssssansssssnesnsssssnennes 152

APPENDIX A: GLOSSARY ....iieiiiiiiiiieiiiieiiieiiisesiiinesiiiesirsesiiasssrsasisrsessteasssrsssssrasssssnsssrsnssses 153

CONFIDENTIAL/PROPRIETARY © 2019 QUANTA TECHNOLOGY, LLC



‘@E\‘ QUANTA REPORT
C) TECHNOLOGY

ALBERHILL SYSTEM PROJECT ALTERNATIVES ANALYSIS | SCE

List of Figures

Figure 1-1 Valley SUDStation SEIVICE @rEas. ......cccuuiiieiiieiciiiiiee ettt e e e ee sttt et e e e e et e e e e e e e eebbareeeeeeseasbaaeeaaeeesansraseaassennns 2
Figure 2-1 AAPV forecasted growth scenarios for Valley SOUth............ccooiiiiiiocii e 10
Figure 2-2 AAPV forecasted growth scenarios for Valley North.........ccocuveieiiiiiiccie e 10
Figure 2-3 Electric vehicle forecasted growth for Valley SOULN...........coouiiiiiiiii i 11
Figure 2-4 Electric vehicle forecasted growth for Valley NOrth.......cccoooiieecciii e e 11
Figure 2-5 Energy Efficiency forecasted growth for Valley SOuth ..o 12
Figure 2-6 Energy Efficiency forecasted growth for Valley NOrth .......ccc.oovieoiiiiiiiiiieee e 13
Figure 2-7 Energy Storage forecasted growth for Valley SOUth .........coouiiiiiiiiiiiii e 14
Figure 2-8 Energy Storage forecasted growth for Valley NOIrth ...........oooiiiiiiiccciie e e 14
Figure 2-9 Final results of spatial forecast for Valley South, considering three AAPV growth alternatives after year
D0 PP 16
Figure 2-10 Final results of spatial forecast for Valley North, considering three AAPV growth alternatives after year
2028 .ttt ettt e bttt bt e et e b e e et e e ah et e s ate e b et e b ee e be e e bt e e bt e Sabeeeabeeahbeen te e beeeabeenhbeeahee e beeenaeesbaeebeenares 18
Figure 3-1 Valley South Load FOreCast (PEAK) ....ccveviriirieniieiieieetiesteete ettt sttt et st e st e saeeneesaeesaeenseenseens 21
Figure 3-2 Valley North Load FOrecast (PEaK) .......eecuieiirieriieiieieeiiesie et ete sttt sttt e e e ee st e st e saeeneesaeesaeesseenseens 22
Figure 3-3 Valley South System Configuration (2018) ......c.ueeeeiiiiieiiie ettt e vt ee et e e e eaae e e e areeeeeareeeenneas 22
Figure 3-4 Valley South System Configuration (2021) ......c..eeeeiiiiieiiie ettt e vt e e et e e eare e e e aveeeeearee e enneas 23
Figure 3-5 Valley South System Configuration (2022 with ASP iN-SEIVICE) .....cceeevuiiiiiiiieiiiiee ettt e 23
Figure 3-6 Load Shape of the Valley SOUth SYSteM .......couiiii e e e e 24
Figure 3-7 Scaled Valley South Load Shape Representative of Study Years........cccceeeevieeiiiieeeccie e 25
Figure 3-8 Flowchart of Reliability ASSE@SSMENT PrOCESS......ccivviiiiiiiiieeieeite ettt sttt st s be e et sreesanee e 27
Figure 3-9 Flowchart of Flex-1 CalCulation PrOCESS ........coeutiiiiiriiiiieeee ettt sttt ettt s e st e saneesane e 28
Figure 3-10 Benefit-Cost analysis frameEWOIK..........ocuuiiiiiiii ettt e e et e et e e e e e e e e tae e e eanaeas 32
Figure 3-11 EENS (N-0) benefits accumulated for ASP over the study horizon.........ccccoooiiieeeiiiiicciee e, 33
Figure 3-12 Value of UNSEIVEA KW .......oi ittt ettt e ettt e ettt e e e st e e e e bb e e e eaate e e saaaeeeensteeeenstaeessaaeas 34
Figure 3-13 Incremental benefit cost analysis flOWChart.............oooiiiiiii e e s 37
Figure 3-14 Daily SChedUling EXamMIPIE .....cccviie ittt ettt e e e e st e e s e e e st b e e e ennte e e sanaeeeensteeeennsasesnenens 40
[T Ul B R o = Lo I o] ¢ <Tor= 1y =1 oY YRS 40
Figure 4-1 Alberhill System Project and Resulting Valley North and South Systems. .........cccociiriiiniieniennieeeeeee 47
Figure 5-1 Categorization of considered alterNatives............ooouii ittt et e e e et 52
Figure 5-2 Valley System and neighboring electrical SYSTEMS .........euiiiiiii i e 53
FIUIE 5-3 SDG&E PrOjECt SCOPE....iiiiiiiiiieiie e ettt e e ettt e e e ee st e et e e e se s aetaeeeeeeeaastaaeeeaesesasstaaeeeseaanssaaneesssnnsnsrenes nan 56
Figure 5-4 SCE Orange CouNty ProjeCt SCOPE ..ot 61
FIgUIE 5-5 MENITEE PrOJECE SCOPE. . ettt i iiiiieeettee et e st e e ettt e et e e st e e e e ete e e sateeessteeeessteeesasseeesnseeeenssaeesnnseeessnsenenn 67
Figure 5-6 Tie-line 10 Mira LOMa ProjECt SCOPE....uiiiiiieeeiiieeeectieeetee e s tee e et e e et e e s te e e e sste e e sentaeessaseeeesnseeeenaseeeesnnenas 73
Figure 5-7 Tie-lines between Valley South and Valley North project SCope.........cccoeveerieerieeniienieeceeeeee e 79
Figure 5-8 Tie-lines between Valley South to Valley North to Vista........ccoceereiiiiiiniiniiieenceeeeeseeee e 85
Figure 5-9 Energy storage at Pechanga and/or Auld Substation as part of the Centralized BESS in Valley South

o] o) [ 0K oo o 1= TSP PP PP PPPPPPPPPPPPR 92
Figure 5-10 Tie-lines between Valley South and Valley North and Distributed BESS in Valley South Project scope. .98
Figure 5-11 SDG&E and Centralized BESS in Valley South Project SCOPe.......ueeivivieieciii e 105
Figure 5-12 Tie-line to Mira Loma and Centralized BESS in Valley South Project SCoOpe.......ccccccveervcverevcieeecciiee s 111
Figure 5-13 Valley South to Valley North and Centralized BESS in Valley South and Valley North.........c.ccccceueenee. 118
Figure 5-14. Valley South to Valley North to Vista and Centralized BESS in Valley South..........ccccoeviiiniiiiiinncnnnne. 125

CONFIDENTIAL/PROPRIETARY © 2019 QUANTA TECHNOLOGY, LLC



S N QUANTA REPORT
@ TECHNOLOGY

ALBERHILL SYSTEM PROJECT ALTERNATIVES ANALYSIS | SCE

List of Tables

Table 2-1 Base spatial load forecast without additional impacts of future DER ...........ccccooiiieiiiiee e, 6
Table 2-2 Disaggregated forecasted peak modifying AAPV from 2019 t0 2028........ccueeeeiiiieeiiiee et 8
Table 2-3 Disaggregated forecasted peak-modifying DER from 2019 t0 2028.........cccuveeeiiieeeiiieeerireeeeeieeeeeveeeeriveeens 8
Table 2-4 California (CA) PATHWAYS CEC 2050 case for solar generation [MVA], and estimated AAPV SCE Effective
PV [MVA] at Valley South and Valley NOFTH ........ooiiieie ettt e s e e s nae e e e e e e e snaee e snreeeans 9
Table 2-5 California (CA) PATHWAYS CEC 2050 case for solar generation [MVA], and estimated AAPV PVWatts
[MVA] at Valley South and Valley NOFEN.........ooiuiiiieee ettt ettt st e st e sabeesaneens 9
Table 2-6 Estimated AAPV PVWatts [MVA] at Valley South and Valley North @ -3% CAGR .......c.ccceeievieineeineeeeenane 9
Table 2-7 California PATHWAYS CEC 2050 case for light EV load [MVA], and estimated EV [MVA] at Valley South
=10 Lo IV Y| [NV Lo o o TSRS 11
Table 2-8 Estimated growth of peak-reducing Energy Efficiency at Valley South and Valley North [MVA]................ 12
Table 2-9 Estimated growth of peak-reducing Energy Storage at Valley South and Valley North [MVA]................... 13
Table 2-10 Final results of spatial forecast for Valley South, considering three AAPV growth alternatives after year
0 SR 15
Table 2-11 Final results of spatial forecast for Valley North, considering three AAPV growth alternatives after year
0 RSP TR 17
Table 3-1 Distribution SUDStation LOAM BUSES ......ccccuuiiiiiiieiiiiee ettt sitee et et e e st e s st e e satae e sabeeessabaeeseabaeesnaraeenns 25
Table 3-2 Financial and OPerating COSES ......cciiiiiiiiiieeiciiee ettt e et e st e e e e tre e e e rtte e e staeeeebaeseestaaesasaeeeensbeseanssaeesassaeaans 32
Table 3-3 N-1-line outage probabilities in Valley SOULN ......c.c.uiii i 34
Table 3-4 Data INputs fOr Market ANGIYSIS ....ccccuuiiieier et e s e e e e te e e s e e s e ere e e sateeesnaeeeasteeeennseeesssneanns 39
Table 3-5 Statistics Associated With LOAd FOrECaSt .......ccuiiiiiiiiiiciee et e e et e e e st e e s srae e s snraeeens 41
Table 4-1 Baseline N-O System Performance (Effective PV FOreCast) .....ccccvivieeciiiiieeiie ettt ciee e see e 43
Table 4-2 Baseline N-0 System Performance (Spatial Base FOreCast) ........cccuiiieiiiieeiiie e ettt e 43
Table 4-3 Baseline N-0 System Performance (PVWatts FOr€Cast).......coiuirieiiiiiieiiieecciiee ettt ettt 43
Table 4-4 Baseline N-1 System Performance (Effective PV FOrecast) .......ccccueeeeiiiiieciee ettt e 44
Table 4-5 Baseline N-1 System Performance (Spatial Base FOreCast) .......ccuvuiieeiiiiieiieeeeiieeeecitee et eiree e e e 44
Table 4-6 Baseline N-1 System Performance (PVWatts FOr€Cast)......cocvuirririiiiiiiiieicieeeesiee e sctee e ssvee e e e eeene e e sneee s 44
Table 4-7 List of Baseline System Thermal CoONSTraints .......cccciiiiciiie e e e e e see e e e srre e e s nee e e snaeeeas 45
Table 4-8 Alberhill N-0 System Performance (Effective PV FOFECaST) .....cccivvvueeeiieiieeieccteecteestee et 48
Table 4-9 Alberhill N-0 System Performance (Spatial Base FOreCast) ........cccuiiieiiiiieiiieeeiiee ettt e e e 48
Table 4-10 Alberhill N-0 System Performance (PVWatts FOIr@CASt)......ccuiriiiiiiiiiiiiieeeiie e ettt e ettt e et e e aae e e 48
Table 4-11 Alberhill N-1 System Performance (Effective PV FOr€Cast) ......cccovieeiiiiiciiee ettt e 49
Table 4-12 Alberhill N-1 System Performance (Spatial Base FOreCast) ........cccceeevuiiieiieeeciiie et 49
Table 4-13 Alberhill N-1 System Performance (PVWatts FOIr€CaSt)......courririiiiiiiiieerieeeesieeesetre e esevee e e eeeeae e e seeee s 49
Table 4-14 List of ASP Project Thermal CONStIaiNts.......cccuiieiciieieiieeeiciieeecieeeetee e svee s e e e e sneeeesnteeeesaseeesnnseeessseeanns 50
Table 4-15 Cumulative Benefits — Alberhill SyStem Project........c.coviiiiieieiiiienieieee et 50
Table 5-1 SDG&E N-0 System Performance (Effective PV FOrECast).....ccuvuiiriercieeiiiieciee e esieeeiee e 56
Table 5-2 SDG&E N-0 System Performance (Spatial Base FOreCast) .....c.ueiiiuiiieeiiiiieiiee ettt ettt 57
Table 5-3 SDG&E N-0 System Performance (PVWatts FOr€Cast).......uiuiuiiiiiiieeiiiieeciieeeeciee e st e esiree e et e e eeatae e esaneee s 57
Table 5-4 SDG&E N-1 System Performance (Effective PV FOre€Cast).......cveuiiiiiiiiieeicieeeeciee et et eeaae e e 57
Table 5-5 SDG&E N-1 System Performance (Spatial Base FOreCast) .....ccvvuvvuiirreiriieriie e cieeeeree e seee et ee e e 58
Table 5-6 SDG&E N-1 System Performance (PVWatts FOr€Cast)......cvuiuiireiiiiiriiieeccieeecsiee e stre e esvee e et esenene e snneee s 58
Table 5-7 List of SDG&E Project Thermal CONSTraiNtS .......c.coveiiiieriiiiieeeiee ettt ettt s nee s 59
Table 5-8 Cumulative Benefits — San Diego Gas & ElECLIIC. . ...iiiiiiiiiiiiieiee ittt 59
Table 5-9 SCE Orange County N-0 System Performance (Effective PV FOrecast).......cocceeeevieeeeciieicciiee e 62
Table 5-10 SCE Orange County N-0 System Performance (Spatial Base FOrecast)........cccoeeuereeecieeiciieeeeciieeeeeee e, 62
Table 5-11 SCE Orange County N-0 System Performance (PVWatts FOrecast) ......cccoovueeeiiireeeiiiee et e 62
Table 5-12 SCE Orange County N-1 System Performance (Effective PV FOrecast)......cccccevviieeecieeecciee e 63

CONFIDENTIAL/PROPRIETARY © 2019 QUANTA TECHNOLOGY, LLC



S N QUANTA REPORT
C) TECHNOLOGY

ALBERHILL SYSTEM PROJECT ALTERNATIVES ANALYSIS | SCE

Table 5-13 SCE Orange County N-1 System Performance (Spatial Base FOrecast).......cccceecvireeecieeeecieececiieeeeeee e 63
Table 5-14 SCE Orange County N-1 System Performance (PVWatts FOrecast) .......ccoovueeeiiiieeeciiee et e 63
Table 5-15 List of SCE Orange County Project Thermal Constraints.........cccccuvieeeiiieeciiie ettt et 64
Table 5-16 Cumulative Benefits — SCE Orange COUNLY ......ceiiiiiieiciiieccieeeesite e eeee e see e e s taeeesasaeeesnreeessseeesseeeesaneeanas 64
Table 5-17 Menifee N-0 System Performance (Effective PV FOrecast) .....cccoveeeeierirciie e 67
Table 5-18 Menifee N-0 System Performance (Spatial Base FOrECast) .....cceivueeriieiieeiieiiieecreesieeeee e sveesaeeesveeesnee e 68
Table 5-19 Menifee N-0 System Performance (PVWatts FOrECast)......ccuvuiirieiiiriiiiesiiesieeseee e sveeeesvee e e seveesnae e 68
Table 5-20 SCE Menifee N-1 System Performance (Effective PV FOrecast).......cccoouvieiuieieiiiieeciie et 68
Table 5-21 Menifee N-1 System Performance (Spatial Base FOreCast) ........ccccveevuiieriieeeciiie et et 69
Table 5-22 Menifee N-1 System Performance (PVWatts FOr€Cast)......ccourieiiiiiiiiiiieiciieeeciiee et e estee e et e e vae e e 69
Table 5-23. List of Menifee Project Thermal CONSTIaints ......ccviiieciieiiciie e ceees e e see et e e e ere e e snaee e snaeeeas 70
Table 5-24 Cumulative BeNefits — IMENIEE ...coiiiiiieiie ettt s ae e st esareenaeas 71
Table 5-25 Mira Loma N-0 System Performance (Effective PV FOrecast).......cccevuieiieeneriiieeieeseeee e sveeseeecvee e 73
Table 5-26 Mira Loma N-0 System Performance (Spatial Base FOrecast) ........ccoccvevueereieiieeeiieesieesieesieeseeesveeessee s 74
Table 5-27 Mira Loma N-0 System Performance (PVWatts FOr@Cast).......ccccuiiieiiiiieiiieeeiiee ettt ettt 74
Table 5-28 Mira Loma N-1 System Performance (Effective PV FOreCast)........ccceeuiiieiiieeeciie et 74
Table 5-29 Mira Loma N-1 System Performance (Spatial Base FOrecast) .......ccceevuviieiiieeiciieeeciee et 75
Table 5-30 Mira Loma N-1 System Performance (PVWatts FOrECaSt).......cccvuiiieiiiiiiiiieeciiee et et e e e 75
Table 5-31 List of Mira Loma Project Thermal CONStIraints .......ccoccuiriiiiieeeciieeeciee e cctee e e e e ste e snre e e e ere e e snaee s snaeeean 75
Table 5-32 Cumulative BENEfitsS — IMIra LOM@......cciicuiiiiiieeecciie et ctee e ee et e e s tvee s e sete e e saaeeesnneeeesateeesnnseeesnnseeanns 76
Table 5-33 Valley South to Valley North N-O System Performance (Effective PV FOrecast).......ccceevvievveeceeesieenineenns 79
Table 5-34 Valley South to Valley North N-0 System Performance (Spatial Base Forecast) .........cccooveeeeviireecveeeennen. 80
Table 5-35 Valley South to Valley North N-0 System Performance (PVWatts Forecast).......cccceeeeeeciieeecieeeecveeeenee. 80
Table 5-36 Valley South to Valley North N-1 System Performance (Effective PV Forecast).........ccccccueeeevvieeccvreeennen. 80
Table 5-37 Valley South to Valley North N-1 System Performance (Spatial Base Forecast) .........cccocceveevvieeccvvee e, 81
Table 5-38 Valley South to Valley North N-1 System Performance (PVWatts FOrecast).......ccceeevvevcieeeecreeeccneee s, 81
Table 5-39 List of Valley South to Valley North Thermal Constraints........ccccccveeeiiiiirciie e 82
Table 5-40 Cumulative Benefits — Valley South to Valley NOrth.........ccceeiiiiiiniiiiieec e 83
Table 5-41 Valley South to Valley North to Vista N-O System Performance (Effective PV Forecast) ..........cccccuveen..e. 86
Table 5-42 Valley South to Valley North to Vista N-O System Performance (Spatial Base Forecast) ..........cccccuueuen..e. 86
Table 5-43 Valley South to Valley North to Vista N-O System Performance (PVWatts Forecast)........ccccccvveeeecrveeenneen. 86
Table 5-44 Valley South to Valley North to Vista N-1 System Performance (Effective PV Forecast) ........cccceevvveeennns 87
Table 5-45 Valley South to Valley North to Vista N-1 System Performance (Spatial Base Forecast) .........ccccecuveeeneee. 87
Table 5-46 Valley South to Valley North to Vista N-1 System Performance (PVWatts Forecast)......ccccceeevvverecnveeenneen. 87
Table 5-47 List of Valley North to Valley South to Vista Project Thermal Constraints ........ccccoeevveriviieeeciieeesciee e e, 88
Table 5-48 Cumulative Benefits — Valley South to Valley North to Vista .........cceceevieiiieiiiiniiieiieeeieeeeeeceeee 89
Table 5-49 Storage Sizing and Siting — Spatial Base FOreCast ........ccocviiiiiciiiiiie ettt 91
Table 5-50 Storage Sizing and Siting — Effective PV FOI@CAST ......cccuiiiiiiiieeeciiie ettt et eeaee e e 91
Table 5-51 Storage Sizing and Siting — PVWatts FOIECAST......cuiiiiiiiiieiciieeeciee et et e et e e e eta e e e ste e e e ebae e eeasaeeesaraeaeas 92
Table 5-52 Centralized BESS in Valley South N-0 System Performance (Effective PV Forecast) .......ccccceccvveeeevveeenneee. 93
Table 5-53 Centralized BESS in Valley South N-0 System Performance (Spatial Base Forecast) .......cccccevvveeeecvveeennen. 93
Table 5-54 Centralized BESS in Valley South N-0 System Performance (PVWatts Forecast) .......cccevuvevieeceeeiivencneenns 93
Table 5-55 Centralized BESS N-1 System Performance (Effective PV FOrecast) .......cccevvuvevieecieeeviiecsee e sieesieesne s 94
Table 5-56 Centralized BESS N-1 System Performance (Spatial Base FOrecast).......cooveeiiiiiieeeiieeeciiee et e 94
Table 5-57 Centralized BESS N-1 System Performance (PVWatts FOrecast) .......ccoveviiuireeiiiiieeeiiee et 94
Table 5-58 List of Centralized BESS in Valley South Project Thermal ConstraintS.........cccoceveeeeeieeicciee e, 95
Table 5-59 Cumulative Benefits — Centralized BESS in Valley SOULH ........cccccuiiiiiiiiiiiciee et 95
Table 5-60 Valley South to Valley North and Distributed BESS in Valley SouthN-0 System Performance (Effective PV

0T =T or= 1 1) [ PRS 98

CONFIDENTIAL/PROPRIETARY © 2019 QUANTA TECHNOLOGY, LLC



S N QUANTA REPORT
C) TECHNOLOGY

ALBERHILL SYSTEM PROJECT ALTERNATIVES ANALYSIS | SCE

Table 5-61 Valley South to Valley North and Distributed BESS in Valley South N-0 System Performance (Spatial Base

oY <Tor=1) 1 USRS 99
Table 5-62 Valley South to Valley North and Distributed BESS in Valley South N-0 System Performance (PVWatts

0T =T or= 1 ) [ PRS 99
Table 5-63 Valley South to Valley North and Distributed BESS in Valley South N-1 System Performance (Effective PV
oY =Tor- 1 o [T 99
Table 5-64 Valley South to Valley North and Distributed BESS in Valley South N-1 System Performance (Spatial Base
FOIECAST) ..uviieiiiie ettt ettt e ettt e e ettt e e ette e e eteeeeeeteeeeeaeeeeebaeaaasseeeasaaeeetbeseasbeeeaasaee aeaeatbeeeansreeeaasaeeeaatreaeanns 100
Table 5-65 Valley South to Valley North and Distributed BESS in Valley South N-1 System Performance (PVWatts

[RoTL=Tor=1) 1 RPN 100
Table 5-66 List of Valley South to Valley North and Distributed BESS in Valley South project Thermal Constraints 101
Table 5-67 Cumulative Benefits — Valley South to Valley North and Distributed BESS in Valley South .................... 101
Table 5-68 Storage Sizing and Siting — Effective PV FOreCast ........coouiiiiiiiiiiieiieeeeeeee et 104
Table 5-69 Storage Sizing and Siting — Spatial FOrECast.......coviiiiiiiiieiiee e 104
Table 5-70 Storage Sizing and Siting — PVYWatts FOr@CaSt......cciiiiiiiiiiiie ettt e 104
Table 5-71 SDG&E and Centralized BESS in Valley South N-0 System Performance (Effective PV Forecast)............ 105
Table 5-72 SDG&E and Centralized BESS in Valley South N-0 System Performance (Spatial Base Forecast)............ 106
Table 5-73 SDG&E and Centralized BESS in Valley South N-0 System Performance (PVWatts Forecast) ................. 106
Table 5-74 SDG&E and Centralized BESS in Valley South N-1 System Performance (Effective PV Forecast)............ 106
Table 5-75 SDG&E and Centralized BESS in Valley South N-1 System Performance (Spatial Base Forecast)............ 107
Table 5-76 SDG&E and Centralized BESS in Valley South N-1 System Performance (PVWatts Forecast) ................. 107
Table 5-77 Cumulative Benefits — SDG&E and Centralized BESS.........ccovivieiiiiiiiiecec e 107
Table 5-78 Storage Sizing and Siting — Spatial Base FOreCast ........ccuiiiiiiieiciiiieee ettt et 110
Table 5-79 Storage Sizing and Siting — Effective PV FOIrECaSt ......ccccviiiiiieecciiee ettt et e 110
Table 5-80 Storage Sizing and Siting — PVWatts FOIECAST......cvuiiiiiiieiciiee e ettt e ettt e etee e stre e e stre e e aae e e s tre e e enatee e enaeas 110

Table 5-81 Mira Loma and Centralized BESS in Valley South N-0 System Performance (Effective PV Forecast)....... 111
Table 5-82 Mira Loma and Centralized BESS in Valley South N-0 System Performance (Spatial Base Forecast)...... 112
Table 5-83 Mira Loma and Centralized BESS in Valley South N-0 System Performance (PVWatts Forecast) ........... 112
Table 5-84 Mira Loma and Centralized BESS in Valley South N-1 System Performance (Effective PV Forecast)...... 112
Table 5-85 Mira Loma and Centralized BESS in Valley South N-1 System Performance (Spatial Base Forecast)...... 113

Table 5-86 Mira Loma and Centralized BESS in Valley South N-1 System Performance (PVWatts Forecast) ........... 113
Table 5-87 List of Mira Loma and Centralized BESS in Valley South Thermal Constraints .........c.cccceeveeevciieeesciieeenns 114
Table 5-88 Cumulative Benefits — Mira Loma and Centralized BESS in Valley South ..........c.ccoeciviiciiii e 114
Table 5-89 Storage Sizing and Siting — Spatial Base FOreCast ........cccviviiieiiciieecciee e e 116
Table 5-90 Storage Sizing and Siting — Effective PV FOreCast ........coouiiiiiiieniie et 116
Table 5-91 Storage Sizing and Siting — PVWatts FOr@Cast......cuiviiiiiiiiiieiiieit ettt e 117
Table 5-92 Valley South to Valley North and Centralized BESS in Valley South and Valley North N-0 System
Performance (EffECtiVE PV FOTECAST) .....ciic ittt eete ettt e ettt e e ettt e ettt e e e vt e e e atee e eetbeeeeesbeeeeessaeesesbeseeenteeeenssanas 119
Table 5-93 Valley South to Valley North and Centralized BESS in Valley South and Valley North N-0 System
Performance (SPatial Base FOIECASE)......cuuiuiiiiiiiee et e et s stee e ree et e e et e e e e e e s eate e e stteeeesstaeeerasaeesnteeesnnsaeesnsnens 119
Table 5-94 Valley South to Valley North and Centralized BESS in Valley South and Valley North N-0 System
Performance (PVWaLES FOTECAST) ...uuiiuiiiieiiiieiteeiee et e et e st e e te e stteestee e te e e steeeateesbeessseessaeeseeesaesnseeanseesnsessaseenssenns 120
Table 5-95 Valley South to Valley North and Centralized BESS in Valley South and Valley North N-1 System
Performance (EffECtiVE PV FOIECAST) .....ciic i iciie ettt ettt ettt e ettt e ettt e e e bt e e e atee e eetbeeeeeabaeeeeasaeesasseeeeentaeeessanas 120
Table 5-96 Valley South to Valley North and Centralized BESS in Valley South and Valley North N-1 System
Performance (SPatial Base FOIECASE)......ciiiiiiiiiiiee et e ettt et e et e et e e et e e e tte e e e abee e e tbeeeenataeeeasaeesstesesnsaeesnseens 120
Table 5-97 Valley South to Valley North and Centralized BESS in Valley South and Valley North N-1 System
Performance (PVWatES FOIECAST) ...uiiiiiiiieiiii et e eitiieeetee sttt e e ettt e e e tte e e st eeeeeteeeessteeessteeeansteeesseaeesnsseeeasseeesnsnnns 121
Table 5-98. List of Valley South to Valley North and Centralized BESS in Valley South and Valley North Project
SYSEEM ThErMAl CONSTIAINTS .cuvtiiiiiiiieitieet ettt ettt st eat e sb e bt e e bt e e bt e s bt e sabeesabeesaee e beeeseesabeesaseesas saneesn 121

CONFIDENTIAL/PROPRIETARY © 2019 QUANTA TECHNOLOGY, LLC



‘@E\‘ QUANTA REPORT
C) TECHNOLOGY

ALBERHILL SYSTEM PROJECT ALTERNATIVES ANALYSIS | SCE

Table 5-99 Cumulative Benefits — Valley South to Valley North and Centralized BESS in Valley South and Valley

1o o o IO PSPPI 122
Table 5-100 Storage Sizing and Siting — Spatial Base FOIrECaSt .......ccuiiiiiiiiieiiiee ettt e et 124
Table 5-101 Storage Sizing and Siting — Effective PV FOr@Cast ......ccuviviiiei ettt e et 124
Table 5-102 Valley South to Valley North to Vista and Centralized BESS in Valley South Project N-0 System
Performance (EffECtiVe PV FOTECAST) .....uiiiiiiiiiiiieeete ettt ctee s tee ettt e te et e e sae e e te e eteesateessteessseessaeeseeenseeenseesnseennseens 126
Table 5-103 Valley South to Valley North to Vista and Centralized BESS in Valley South Project N-O System
Performance (SPatial Bas@ FOIECASE)......iiuiuii i e et ettt et e et e et e e e et e e e e atee e e e tbeeeeeateeeeeasaeeeesseseeenteeeensanas 126
Table 5-104 Valley South to Valley North to Vista and Centralized BESS in Valley South Project N-0 System
Performance (PVWaTES FOIECAST) ...uiiiiuiiiieiiiieeiiee e ettt eeeite e e ettt eeestte e e ettee e s tbeeeebbeeeestaeesbbeeeasbaeeessasessseeeastasesssnens 127
Table 5-105 Valley South to Valley North to Vista and Centralized BESS in Valley South Project N-1 System
Performance (EffECtiVe PV FOTECAST) .....ciiiiiiii e e ettt e ettt ettee e et e ettt e e st e e et e e s ate e e snteeeestaeesaseeesnseeeensaeesnsenns 127
Table 5-106 Valley South to Valley North to Vista and Centralized BESS in Valley South Project N-1 System
Performance (SPatial Base FOIECAST).....uiiiuiiiiiiiieeeie et citee st e et ste e s ae et e e saeeete e eteesateessseessseessseesesenseeenseesnseennseens 127
Table 5-107 Valley South to Valley North to Vista and Centralized BESS in Valley South Project N-1 System
Performance (PVWaTES FOIECAST) ....ciiiuiiiieiiie ettt e eciteeeett et ettt e ettt e e et e e e e tteeeeetbeeeeaseeeetbeaeeasbeeeesseeeesseeeasteeeesseeas 128
Table 5-108 List of Valley South to Valley North to Vista and Centralized BESS in Valley South Project Thermal

(01o] 41 4 2= 1 | £SO UUPU O PRUPUTP 128
Table 5-109 Cumulative Benefits — Valley South to Valley North to Vista and Centralized BESS in Valley South

[ 0 1=t APPSR PP PPN 129
Table 5-110 Cumulative Benefits: Effective PV FOIECASt......cccuiiiriiei e citeeceiee e stee e ssee et e e saee e et e e e esaees 131
Table 5-111 Cumulative Benefits: Spatial Base FOrECAST.......ccuiiiiiiiiieiie ettt e ettt e e e e e ete e e 131
Table 5-112 Cumulative Benefits: PVWatts FOrECAST .....iiiiiiiieiiiieeitiesiee sttt steeieeesite et e st e s e e sebeesteeseaeesnaeensee s 131
Table 6-1 Project oSt (PVRR @Nd CAPEX)....uuieiiiiiieieiiieeiitieeeeitiee e et e e eetteeeestteeeeataeessaseeeesaseeeeasssessessaseesstesesanssesennsenas 135
Table 6-2 Present Worth of Market Participation REVENUES............ccioiuiiieiciie ettt vre e e e e e eta e e 136
Table 6-3 Baseline system MONETIZAtION ......ccccciiiieiie ettt e e e e st e e et e e e sate e e snaeeeessreeeesnsaeesnneeas

Table 6-4 SCE Effective PV Forecast — BC Ratio
Table 6-5 SCE Spatial Base Forecast — BC Ratio

Table 6-6 PYWatts FOrecast — BC RAtIO ...ocuuieiiiiiiiiiiie ettt sttt et ite e e st e e staa e e sabe e e ssabaeesanaeas

Table 6-7 Non-Monetized Benefits — Incremental Benefit Cost Analysis — Effective PV Forecast ..........ccceeeeuveeenne 141
Table 6-8 Monetized Benefits — Incremental Benefit Cost Analysis — Effective PV Forecast .........cccoueeevciveeeeciieeens 141
Table 6-9 Non-Monetized Benefits — Incremental Benefit Cost Analysis — Spatial Base Forecast ..........ccceeeevuveeenns 142
Table 6-10 Monetized Benefits — Incremental Benefit Cost Analysis — Spatial Base Forecast ..........cccceevcvvveeeciveennns 142
Table 6-11 Non-Monetized Benefits — Incremental Benefit Cost Analysis — PVWatts Forecast........ccccvevcvvveerinveennns 143
Table 6-12 Monetized Benefits — Incremental Benefit Cost Analysis — PVWatts Forecast........ccccevveerveerieeniveennnen. 143
Table 6-13 Levelized cost analysis (Present Worth of Cost $/Present Worth of Benefit) for each Alternative ........ 145
Table 6-14 Levelized cost analysis (Present Worth of Cost $S/Present Worth of Benefit) for each Alternative ........ 146
Table 6-15 Levelized cost analysis (Present Worth of Cost $S/Present Worth of Benefit) for each Alternative ........ 147
Table 6-16 Deterministic Risk ASSESSMENT ......iivuiiiiiiiiie ettt st e e st e s e e sateesseeenbeeesbaessbeesnseesaneess 148

CONFIDENTIAL/PROPRIETARY © 2019 QUANTA TECHNOLOGY, LLC



%, | QUANTA REPORT
@ TECHNOLOGY

ALBERHILL SYSTEM PROJECT ALTERNATIVES ANALYSIS | SCE

1 INTRODUCTION

Southern California Edison (SCE) retained Quanta Technology to supplement the existing record in the
California Public Utilities Commission (CPUC) proceedings for the Alberhill System Project (ASP) with
additional analyses and alternative studies to meet the capacity and reliability needs of the Valley South
500/115 kV System. The overall objective of this analysis is to present a business case (including benefit-
cost analysis) justifying the appropriate project solution through data-driven quantitative methods and
analysis.

In this section of the report, the project background, scope of work, study objective (including task
breakdown), and study process have been outlined.

1.1  Project Background

Valley Substation is a 500/115 kV substation that serves electric demand in southwestern Riverside
County. Valley Substation is split into two distinct 500/115 kV electrical systems: Valley North and Valley
South. Each is served by two 500/115 kV, 560 MVA, three-phase transformers. The Valley South 115 kV
System is not supplied power by any alternative means other than Valley Substation nor does it have
system tie-lines to adjacent 115 kV systems. In other words, this portion of the system is radially served
by a single point of interconnection with the bulk electric system under jurisdiction of the California
Independent System Operator (CAISO). This imposes unique challenges to the reliability, capacity,
operational flexibility?, and resiliency needs of the Valley South System.

The Valley South 115 kV system Electrical Needs Area (ENA) consists of 14 distribution level substations
(115/12 kV substations). During the 2019-2028 forecast developed for peak demand, SCE identified an
overload of the Valley South 500/115 kV transformer capacity by the year 2022 under normal operating
conditions (N-0) and 1-in-5-year heat storm weather conditions. SCE has additionally identified the need
to provide system tie-lines to improve reliability, resiliency, and operational flexibility. To address these
needs, the ASP was proposed. Figure 1-1 provides an overview of the project area.

Key features of this project are highlighted below:

e Construction of an 1,120 MVA 500/115 kV substation (Alberhill Substation).
e Construction of two 500 kV transmission line segments to connect the proposed Alberhill Substation
by looping into the existing Serrano-Valley 500 kV transmission line.

e Construction of approximately 20 miles of 115 kV subtransmission line to modify the configuration of
the existing Valley South System to allow for the transfer of five 115/12 kV distribution substations

3 Flexibility or Operational Flexibility are used interchangeably in the context of this study. It is considered as the
capability of the power system to absorb disturbances to maintain a secure operating state. It is used to bridge the
gap between reliability and resiliency needs in the system and overall planning objectives. Typically, system tie-lines
allow for the operational flexibility to maintain service during unplanned equipment outages, during planned
maintenance and construction activities, and to pre-emptively transfer load to avoid loss of service to affected
customers. System tie-lines may effectively supplement transformation capacity by allowing the transfer of load to
adjacent systems.
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from the Valley South System to the new Alberhill System, and to create 115 kV system tie-lines
between the two systems.
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Figure 1-1 Valley Substation service areas®.

SCE subsequently submitted an application to the CPUC seeking a Certificate of Public Convenience and
Necessity (CPCN). During the final stage of the ASP proceeding, the CPUC directed SCE to provide

4Valley-lvyglen and VSSP projects included [3]
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additional analyses to justify the peak demand forecasts and reliability cases in support of justifying the
project. The CPUC also directed SCE to provide a comparison of the proposed ASP to other potential
system alternatives that may satisfy the stated project needs; including but not limited to, energy storage,
demand response, and distributed energy resources (DER).

1.2  Scope of Work

Quanta Technology supported SCE in supplementing the existing record in the CPUC proceeding for the
ASP with additional analyses including a forecast using industry accepted methods of load forecast and
additional alternatives including DERs to address any system needs established by the load forecasts to
provide necessary facilities to meet the capacity and reliability needs of the Valley South 500/115 kV
System. The key scope items of the Quanta Technology analysis are detailed below:

1. Apply a rigorous, quantitative, data-driven approach to comprehensively present the business case
justifying the appropriate project solution. The business case justification included a benefit-cost
analysis of the alternatives considered based on the forecasted improvements in service reliability
performance of the Valley South System. To this effect, Quanta Technology developed a load forecast
for the Valley South System planning area using industry-accepted methods for estimating load
growth and incorporating load-reduction programs due to energy efficiency, demand response, and
behind-the-meter generation. Quanta Technology’s forecasting exercise was developed independent
of SCE’s current forecasting methodology and practices; however, both SCE’s and Quanta’s analysis
incorporated the CEC’s IEPR forecasts for the first 10 years through 2028.

2. Using power flow simulations and quantitative review of project data, the forecasted impact of the
proposed Alberhill System Project on service reliability performance was estimated.

3. Identification of capital investments or operational changes to address reliability issues in the absence
of construction of the proposed Alberhill System Project or any other major projects requiring CPUC
approval, along with the associated costs for such actions.

4. Benefit-cost analysis of several system alternatives (including the proposed ASP, alternative
substations and line configurations, energy storage, DER, demand response, and other smart-grid
solutions or combinations thereof) for enhancing reliability and providing the required additional
capacity.

The primary component of this work statement was to identify a number of system alternatives (e.g.,
alternative substation and line configurations, energy storage, DER, demand response, other smart-grid
solutions, or combinations thereof [hybrid projects]) to satisfy the peak-demand load projections and
reliability needs over a 30-year planning horizon. This was followed by a system analysis using data-driven
guantitative assessment of project performance, coupled with benefit-cost analysis of the proposed
project and several of these alternatives, to allow objective comparison of their costs and benefits.
Additionally, all system alternative designs were developed to satisfy the following project objectives®, as
stipulated by the project proceedings:

5 For purposes of alternatives analysis SCE directed Quanta to refer to the original project objectives identified by
SCE in its Proponents Environmental Assessment (PEA) that was filed with SCE’s application because the project
objectives as listed in the Final Environmental Impact Report (FEIR) identified that a solution must include a new
500/115 kV substation. During the ASP proceeding, the CPUC directing SCE to evaluate additional alternatives that
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1. Serve current and long-term projected electrical demand requirements in the SCE Electrical Needs
Area.

2. Increase system operational flexibility and maintain system reliability (e.g., by creating system tie-
lines that establish the ability to transfer substations located in the Valley South system).

3. Transfer a sufficient amount of electrical demand from the Valley South system to maintain a positive
reserve capacity through the 10-year planning horizon.

4. Provide safe and reliable electrical service consistent with the SCE’s Subtransmission Planning Criteria
and Guidelines.

5. Increase electrical system reliability by constructing a project in a location suitable to serve the SCE
Electrical Needs Area (i.e., the area served by the existing Valley South system).

6. Meet project needs while minimizing environmental impacts.
7. Meet project needs in a cost-effective manner.

1.3 Methodology

In order to accomplish the scope of this project, the following tasks were employed to meet the overall
objectives of this effort.
e Task 1: Detailed Project Planning,

e Task 2: Development of Load Forecast for the Valley South System,
e Task 3: Reliability Assessment of ASP,

e Task 4: Screening and Reliability Assessment of Alternatives,

e Task 5: Benefit-Cost Analysis.

The objective of each of the project tasks is detailed in the following subsections.

1.3.1 Task 1: Detailed Project Planning

The objective of this task was to develop a detailed and structured work plan that includes a description
of the proposed load-forecasting methodology, overall study process, data needs, interim deliverables,
and timeline of activities to meet the project deliverables. The key outcomes of this task were to review
and finalize assumptions, methodology, metrics and overall approach for the following key aspects of the
project:

e Load forecasting methodology.

e Data-driven, quantitative reliability metrics.

e Reliability Assessment and Benefit-Cost Framework.

e Detailed project plan including interim deliverables and schedule.

included DERs. To comprehensively perform this analysis would have been necessarily constrained by the project
objectives as stated in the FEIR, thus reverting back to SCE’s project objectives in its PEA (which did not specify a
solution as requiring a new 500/115 kV substation) was most suitable to perform the required alternatives analysis.
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1.3.2 Task 2: Development of Load Forecast for the Valley South System

The objective of this task was to develop a baseline load forecast representative of the 10-year horizon
and long-term forecast to account for the 30-year horizon. Forecasts have been developed for Valley
North and Valley South Systems. The long-term forecasts are developed accounting for varying projections
around energy efficiency, demand response, and behind-the-meter aggregations.

1.3.3 Task 3: Reliability Assessment of ASP

The objective of this task is to introduce the reliability assessment framework, while describing the tools,
formulation and overall methodology. The proposed performance metrics are introduced, and their
applicability has been described. Subsequently the reliability framework was applied to the ASP and the
overall project performance was evaluated.

1.3.4 Task 4: Screening and Reliability Assessment of Alternatives

The objective of this task was to analyze alternative projects (and their operational considerations) that
are be considered to address the reliability needs in the absence of the ASP. Through a screening process,
the selected set of the alternatives are evaluated using the reliability framework to quantify their
performance.

1.3.5 Task 5: Benefit-Cost Analysis

The objective of this task was to perform a benefit-cost analysis of the ASP along with the list of system
alternatives from Task 4. The intent of this analysis was to compare the project alternatives using the
guantitative reliability metrics developed in Task 1 along with rigorous cost and risk analysis that will be
required to justify the business case of each alternative for meeting the load growth and reliability needs
of the Valley South System.

1.4 Report Organization

The report has been organized consistent with the tasks outlined by Section 1.3. The report has been
separated into several chapters that individually address each task item. The intent of this breakdown is
to capture, in detail, the essential elements of the reliability and benefit-cost framework.

In Chapter 2 of this report, the long-term spatial load forecast is discussed. This chapter is complementary
to Quanta Technology’s load forecast report [1], which focused on the near-term load forecast and

describes the technical details behind spatial load forecasting methodology.

Chapter 3 of this report presents the overall framework for reliability and benefit-cost evaluation. This
highlights the study methodology, assumptions and describes key processes involved within the analysis.

In Chapters 4 and 5, the reliability evaluation framework is applied on the ASP and selected alternatives.
Each of the forecasts developed in Task 2 are utilized to evaluate the alternative’s performance.

Chapter 6 presents the results from benefit-cost analysis and deterministic risk assessment.

The report is concluded with appendices for the glossary and applicable references.
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2 LONG-TERM SPATIAL LOAD FORECAST

The spatial load forecast for the Valley North and Valley South Systems of the greater SCE System, was
developed for the long-term period of 30 years, covering from 2019 to 2048. The horizon year of 2048
assumed all general plan land use maps for Valley North and Valley South communities are designed for
the 30-year horizon. Forecast results up to year 2028 were presented in a separate report®. This forecast
was constructed from a base load forecast and incorporated DER future developments according to IEPR
20187 and SCE’s dependable photovoltaic (PV) disaggregation. The result was a disaggregated effective
PV forecast that expanded the 10-year PV forecast for the Valley North and Valley South regions, to the
30-year timeframe. This chapter describes the methodology used to develop the additional 20 years of
the load forecast (2029-2048) and considers three DER development scenarios.

2.1 Base spatial load forecast

The spatial load forecasting method developed by Quanta Technology was presented in [1], where base
forecast results were shown up to year 2028. This spatial forecast methodology is based on 30-year
horizon year?, and results were obtained for the entire period.

These forecast results are representative of the natural load growth resulting from incremental use of
electricity by existing customers, and new customer additions as indicated by future land use plans. The
sum of these two factors provides the base spatial forecast that does not include the effects of future DER
developments. Embedded within these results are the current levels of DER adoption observed by the
base forecast. The results are summarized in Table 2-1. Further details on the spatial load forecast
methodology, can be found in [1].

Table 2-1 Base spatial load forecast without additional impacts of future DER

Spatial Valley Spatial Valley
South (No added | North (No added
DER) [MVA] DER) [MVA]
2018 1068 769
2019 1092 787
2020 1116 804
2021 1142 825
2022 1162 845
2023 1181 857
2024 1193 866

6 Report Alberhill System Project Load Forecast, Quanta Technology, 2019

7 Integrated Energy Policy Report, published by California Energy Commission:
ww?2.energy.ca.gov/2018_energypolicy

8 The 30-year horizon year was selected as a typical long-term planning range that allows accommodating such things
as the time required for regulatory licensing and permitting activities as well as lead times and financial budgeting
for utility equipment and construction as required.
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Spatial Valley Spatial Valley
Year | South (No added | North (No added
DER) [MVA] DER) [MVA]
2025 1205 874
2026 1217 882
2027 1229 893
2028 1242 904
2029 1254 915
2030 1267 925
2031 1280 938
2032 1293 950
2033 1306 963
2034 1319 975
2035 1331 989
2036 1344 1002
2037 1356 1015
2038 1369 1029
2039 1380 1042
2040 1392 1055
2041 1404 1068
2042 1415 1081
2043 1425 1093
2044 1436 1105
2045 1446 1117
2046 1456 1129
2047 1465 1140
2048 1474 1150

2.2 DER development from 2019 to 2028

Based on IEPR 2018, SCE provided disaggregated DER forecasts to the level of the Valley South and Valley
North Systems. These DER forecasts covered from 2019 to 2028, and included Additional Achievable
Energy Efficiency (AAEE), Additional Achievable Photovoltaic (AAPV), Electric Vehicles, Energy storage, and
Load Modifying Demand Response (LMDR) categories.

2.2.1 AAPV disaggregation

Particularly for AAPV, SCE provided two scenarios: SCE Effective PV and PVWatts; the final load forecast
presented in [1] considers the SCE Effective PV scenario as the most likely scenario during the period from
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2019 to 2028. AAPV values based on SCE’s Effective PV forecast and AAPV values based on PVWatts
impacts on peak load reduction are shown in Table 2-2.

Table 2-2 Disaggregated forecasted peak modifying AAPV from 2019 to 2028

|| oertyoe | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028

AAPV SCE Effective PV

> o

3 49 49 49 49 49 45 40 37 37 -29
2% [MVA]

2

= AAPV PVWatts [MVA] -7.7 -7.6 -7.6 7.5 74 68 62 58 56 -43
z g AAPVSCEEffectivePV .. .o 45 34 30 28 27 24 21  -19
23 [MVA]

> n

AAPV PVWatts [MVA] -8.9 -8.7 -8.6 -8.4 -7.8 -7.0 -7.0 -6.3 -5.6 -4.8

2.2.2 Disaggregation of other DER categories

Based on the 2018 IEPR, SCE also provided disaggregated DER forecasts for Additional Achievable Energy
Efficiency (AAEE), Electric Vehicles, Energy storage, and Load Modifying Demand Response (LMDR)
categories. The forecasted peak-modifying amounts of DER are shown in Table 2-3.

Table 2-3 Disaggregated forecasted peak-modifying DER from 2019 to 2028

-mmmmmmm

<  Electric Vehicle [MVA] 0.3 0.4 0.3 0.4 0.4 0.4 0.4 0.2 0.2

(zh’ AAEE [MVA] -2.3 -2.1 -2.6 -2.8 -3.2 -2.9 -2.8 -2.7 -2.8 -2.9
E Energy Storage [MVA] -0.5 -0.1 -0.1 -0.2 -0.2 -0.2 -0.1 -0.1 -0.1 -0.1
s LMDR [MVA] 0.0 -0.5 0.0 -0.1 -0.2 -0.1 -0.1 0.0 0.0 0.0
£  Electric Vehicle [MVA] 0.8 0.9 0.8 0.6 0.7 0.6 0.6 0.4 0.4 0.4
§ AAEE [MVA] -3.4 -2.9 -3.6 -2.6 -3.0 -2.8 -2.7 -2.5 -2.6 -2.8
E Energy Storage [MVA] 10 01 02 -02 02 -01 -01 -01 -01 -01
s LMDR [MVA] 0.6 -1.4 0.0 -0.2 -0.2 -0.1 -0.1 0.0 0.0 0.0

2.3  Forecasted DER development 2029 - 2048

In order to obtain a long-term spatial forecast that considers impacts of DERs, it is required to have DER
forecasts which extend to year 2048. The estimation of DER from year 2029 until year 2048 has been done
as described in the following subsections.

2.3.1 AAPV growth from 2029 to 2048

Growth rates of generation forecasts for solar and rooftop PV have been taken from the California
PATHWAYS® model, on its CEC 2050 scenario. The same yearly growth rates for the state of California have

°  https://www.ethree.com/public_proceedings/summary-california-state-agencies-pathways-project-long-term-

greenhouse-gas-reduction-scenarios/
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been applied to the AAPV forecasts of Table 2-2, starting from year 2029, to generate an estimation of
the AAPV in the Valley South and Valley North systems up to year 2048. The estimated AAPV at Valley
South and Valley North System level, for the AAPV Effective PV and the AAPV PVWatts scenarios, are
shown in Table 2-4 and Table 2-5.

Table 2-4 California (CA) PATHWAYS CEC 2050 case for solar generation [MVA], and estimated AAPV SCE Effective
PV [MVA] at Valley South and Valley North

| DER _[2028]2029[2030] 2031{2032] 2033] 2034 2035] 2036] 2037] 2038 2039] 2040 2041] 2042] 2043] 2044 2045] 2026{ 2047] 2048

CASolar 75.7 80.6 86 92.1 958 100 105 111 117 124 132 139 146 152 157 162 167 172 176 179 183
CAPV 299 33 36.4 375 38.6 39.7 40.8 419 429 44 451 46.2 473 483 494 505 51.6 52.7 53.8 54.8 55.9
CATotal 106 114 122 130 134 140 146 153 160 168 177 185 193 200 207 213 219 225 230 234 239
AAPV
valley -29 -27 -25 -23 -22 -21 -21 -2 -19 -18 -17 -16 -15 -15 -14 -14 -13 -13 -13 -13 -1.2
North
AAPV
valley -19 -18 -16 -15 -15 -14 -14 -13 -12 -12 -11 -11 -1 -1 -09 -09 -09 -09 -08 -08 -0.8
South

Table 2-5 California (CA) PATHWAYS CEC 2050 case for solar generation [MVA], and estimated AAPV PVWatts
[MVA] at Valley South and Valley North

mmmmmmmmmmmmmmmmmmm

CASolar 75.7 80.6 92.1 95.8 100 105 111 118 124 132 139 146 152 157 162 167 172 176 180 183
CAPV 299 33 36.5 375 38.6 39.7 408 419 429 44 451 46.2 473 484 494 505 516 52.7 53.8 548 559
CATotal 106 114 123 130 134 140 146 153 160 168 177 185 193 200 207 213 219 225 230 234 239
AAPV
Valley -4.3 -4 -36 -34 -33 -32 -3 29 -27 -26 -25 -24 -23 -22 -21 -2 2 -19 -19 -19 -138
North
AAPV
Valley -48 -45 -41 -39 -37 -36 -34 -33 -31 -3 -28 -27 -26 -25 -24 -23 -22 -22 -21 -21 -21
South

As a third scenario for AAPV growth after 2028, a compound annual growth rate of 3% was used, as a
reasonable expectation for future AAPV after year 2028. This is based on CEC IEPR PV forecast
observations that around 2022 the natural adoption of PV starts to show plateau. The additional growth
from zero net energy or new home installations is expected to be relatively flat for every year. That means
it will not generate higher growth rates for PV forecast in the longer term. The reasonable growth rate for
the disaggregated PV forecast going beyond 2028 is about -3%. The resulting estimations of peak reducing
capabilities are shown in Table 2-6.

Table 2-6 Estimated AAPV PVWatts [MVA] at Valley South and Valley North a -3% CAGR

|_DER | 2028]2029] 20301 2031] 2032{ 2033 2034] 2035 2036] 2037] 2038] 2039] 2040] 2041f 2042] 2043] 2044] 2045] 2046{ 2047] 2048

AAPV
Valley -29 -28 -2.7 -26 -26 -25 -24 -23 -23 -22 -21 -21 -2 -2 -19 -18 -18 -1.7 -17 -16 -1.6
North
AAPV
valley -19 -19 -18 -17 -17 -16 -16 -15 -15 -15 -14 -14 -13 -13 -12 -12 -12 -11 -11 -11 -1
South
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Figure 2-1 and Figure 2-2 show the AAPV forecasted growth scenarios for Valley South and Valley North,
respectively.
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Figure 2-1 AAPV forecasted growth scenarios for Valley South
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Figure 2-2 AAPV forecasted growth scenarios for Valley North

2.3.2 EV growth from 2029 to 2048

The electric vehicle disaggregated forecast of Table 2-3 was extended until year 2048 by using Growth
rates of subsector electric demands for light-duty vehicles, taken from the California PATHWAYS model,
on its CEC 2050 scenario. The same yearly growth rates for the state of California have been applied to
the electric vehicle forecast of Table 2-3, starting from year 2028. The estimated Electric Vehicle load at
Valley South and Valley North System level are shown in Table 2-7.
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Table 2-7 California PATHWAYS CEC 2050 case for light EV load [MVA], and estimated EV [MVA] at Valley South
and Valley North

|_DER | 2028]2029] 2030] 2031] 2032{ 2033 2034] 2035 2036] 2037] 2038] 2039} 2040] 2041f 2042] 2043] 2044] 2045] 2046{ 2047] 2048

CAEV 10.1 11.8 14 16.5 194 225 255 283 30.8 33.2 355 375 394 413 43 445 458 469 47.7 48.4 488

EV\::'::: 0.28 0.32 0.38 0.45 0.53 0.62 0.7 0.78 0.85 091 097 1.03 1.08 1.13 1.18 1.22 1.26 1.29 131 1.33 1.34
o
EV Valley
south 043 05 06 0.7 083 096 109 12 131 142 151 16 168 176 1.83 19 1.95 2 2.03 2.06 2.08
ou

Figure 2-3 and Figure 2-4 show the forecasted amounts of peak-enhancing electric vehicle loads for Valley
South and Valley North.
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Figure 2-3 Electric vehicle forecasted growth for Valley South
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Figure 2-4 Electric vehicle forecasted growth for Valley North

CONFIDENTIAL/PROPRIETARY © 2019 QUANTA TECHNOLOGY, LLC




. QUANTA REPORT
C\b TECHNOLOGY

ALBERHILL SYSTEM PROJECT ALTERNATIVES ANALYSIS | SCE

2.3.3 Energy Efficiency growth from 2029 to 2048

The Energy Efficiency disaggregated forecast of Table 2-3 was extended until year 2048 based on the
criteria that after 2028 the load reductions in energy efficiency are expected to be close to 21% of the
forecasted load growth of each year. Additionally, it is considered that energy efficiency load reductions
will predominantly take place in residential loads, which are approximately 40% of the Valley South
System load and approximately 36% of the Valley North System load. The resulting extended forecast for
Energy Efficiency is shown in Table 2-8.

Table 2-8 Estimated growth of peak-reducing Energy Efficiency at Valley South and Valley North [MVA]

| |2029]2030] 2031] 20320 2033] 2034] 2035 2036] 2037] 2038] 2039] 2040] 2041 2042 2043] 2044{ 205] 2046{ 2047] 2043]

EEValley 12 09 09 09 09 1 1 4 4 4 4 -4 - 09 09 09 09 08 -08 -08
North
EE‘;:'::: 41 11 11 11 21 11 11 11 21 4 1 -1 -1 09 -09 09 09 07 07 07

Figure 2-5 and Figure 2-6 show the forecasted amounts of peak-reducing Energy Efficiency effect for Valley
South and Valley North.
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Figure 2-5 Energy Efficiency forecasted growth for Valley South
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Energy Efficiency Valley North
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Figure 2-6 Energy Efficiency forecasted growth for Valley North

2.3.4 ES growth from 2029 to 2048

SCE provided an energy storage outlook for the entire SCE service territory. This outlook estimated an
approximated total of 4,300 MVA of energy storage by year 2048. By SCE criteria it was estimated that
60% of this storage would be associated to residential customers, of which approximately 5% would be
located in the Valley South System and approximately 20% of it would have a peak reduction effect. These
considerations lead to an estimated peak-reducing amount of cumulated energy storage of 26 MVA (or
additional 23.6 MVA after 2028) by 2048 for the Valley South System. Similar considerations lead to
additional cumulated 15.5 MVA of peak reducing Energy Storage for the Valley North System.

A constant compound annual growth rate (CAGR) of energy storage was identified for each area (North
and South), so that the 2048 estimated values were achieved. The resulting CAGR for the Valley South
System is 17.98%, and the same for Valley North is 14.39%. Table 2-9 summarizes the resulting estimated
peak-reducing amounts of energy storage for the Valley South and Valley North Systems.

Table 2-9 Estimated growth of peak-reducing Energy Storage at Valley South and Valley North [MVA]

| ]2029]2030] 2031] 20320 2033] 2034] 2035] 2036] 2037/ 2038] 2039] 2040] 2041 2042 2043] 2044{ 2045] 2046{ 2047] 2043

Storage
Valley -02 -02 -02 -02 -03 -03 -04 -04 -05 -05 -06 -07 -08 -09 -11 -12 -14 -16 -18 -21
North
Storage
Valley -02 -02 -02 -03 -03 -04 -04 -05 -06 -0.7 -08 -1 -12 -14 -16 -19 -23 -27 -32 -37
South

Figure 2-7 and Figure 2-8 show the forecasted amounts of peak-reducing Energy Storage effect for the
Valley South and Valley North Systems.
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Energy Storage Valley South
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Figure 2-7 Energy Storage forecasted growth for Valley South
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Figure 2-8 Energy Storage forecasted growth for Valley North

2.3.5 Demand Response growth from 2029 to 2048

According to the demand response trends extracted from Table 2-3, the effects of Demand response were
considered negligible after year 2028.

2.4 Valley South and Valley North long-term forecast results

The peak modifying effects for future DER discussed in the previous sections were aggregated and applied
to the base spatial load forecast of Section 2.1, to develop long term load forecast results for Valley South
and Valley North. The resulting forecast scenarios are summarized in Table 2-10 and Figure 2-9 for the
Valley South System, and in Table 2-11 and Figure 2-10 for the Valley North System.
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Table 2-10 Final results of spatial forecast for Valley South, considering three AAPV growth alternatives after

year 2028
Spatial Valley Sp‘:ﬂ:I\IF:E:f:St Spatial Forecast Spatial Forecast
South (No added Effective PV AAPV PVWatts AAPV -3% CAGR

DER) [MVA] Scenario [MVA] Scenario [MVA] [MVA]
2018 1068 1068 1068 1068
2019 1092 1083 1083 1083
2020 1116 1099 1099 1099
2021 1142 1118 1118 1118
2022 1162 1132 1132 1132
2023 1181 1146 1146 1146
2024 1193 1152 1152 1152
2025 1205 1159 1159 1159
2026 1217 1166 1166 1166
2027 1229 1174 1174 1174
2028 1242 1183 1183 1183
2029 1254 1193 1177 1193
2030 1267 1203 1172 1203
2031 1280 1214 1166 1213
2032 1293 1225 1175 1224
2033 1306 1236 1184 1235
2034 1319 1247 1193 1246
2035 1331 1258 1202 1257
2036 1344 1269 1211 1267
2037 1356 1280 1221 1278
2038 1369 1291 1230 1289
2039 1380 1302 1239 1299
2040 1392 1312 1248 1309
2041 1404 1322 1256 1319
2042 1415 1333 1265 1329
2043 1425 1341 1272 1337
2044 1436 1350 1280 1346
2045 1446 1358 1287 1354
2046 1456 1366 1293 1361
2047 1465 1372 1298 1367
2048 1474 1378 1302 1373
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Valley South Forecast
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Figure 2-9 Final results of spatial forecast for Valley South, considering three AAPV growth alternatives after
year 2028
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Table 2-11 Final results of spatial forecast for Valley North, considering three AAPV growth alternatives after

year 2028
Spatial Valley Sp‘:ﬂ:I\IF:E:f:St Spatial Forecast Spatial Forecast
North (No added Effective PV AAPV PVWatts AAPV -3% CAGR

DER) [MVA] Scenario [MVA] Scenario [MVA] [MVA]
2018 769 769 769 769
2019 787 779 779 779
2020 804 789 789 789
2021 825 803 803 803
2022 845 816 816 816
2023 857 820 820 820
2024 866 821 821 821
2025 874 823 823 823
2026 882 825 825 825
2027 893 829 829 829
2028 904 834 834 834
2029 915 842 834 842
2030 925 849 833 849
2031 938 859 832 858
2032 950 868 840 867
2033 963 878 849 877
2034 975 888 858 886
2035 989 899 868 897
2036 1002 910 878 907
2037 1015 921 888 918
2038 1029 932 898 928
2039 1042 943 908 939
2040 1055 954 919 949
2041 1068 964 929 960
2042 1081 975 939 970
2043 1093 985 948 980
2044 1105 995 958 989
2045 1117 1005 967 998
2046 1129 1015 976 1008
2047 1140 1023 983 1015
2048 1150 1031 991 1023
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Valley North Forecast
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Figure 2-10 Final results of spatial forecast for Valley North, considering three AAPV growth alternatives after
year 2028
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RELIABILITY ASSESSMENT & BENEFIT COST FRAMEWORK

3.1
The

Introduction

objective of this framework is to facilitate the evaluation of project performance and benefits relative

to the baseline scenario (i.e., no project in service). The projects under consideration include the ASP and
proposed alternatives which are further discussed in Chapters 4 and 5. Within the framework of this
analysis, reliability, capacity, operational flexibility and resiliency benefits have been quantified.

In order to successfully evaluate the benefit of a potential project in the Valley South System, the project’s
performance must be effectively translated into quantitative metrics. These metrics serve the following

urposes:

;). F;'o provide a refined view of the future evolution of the Valley South System reliability performance,

2. To compare project performance to baseline scenario (no project in service),

3. To establish a basis to value the performance of projects against overall objectives,

4. To take into consideration benefits or impacts of operational flexibility and resiliency (high-impact,
low-probability events), and

5. To provide guidance for comparing the relative performance of each alternative as compared to

others.

Within the scope of the developed metrics, the key project objectives presented earlier, are categorized

and

reviewed.

Capacity

= Serve current and long-term projected electrical demand requirements in the SCE Electrical Needs
Area.

= Transfer a sufficient amount of electrical demand from the Valley South System to maintain a
positive reserve capacity on the Valley South System through not only the 10-year planning
horizon, but also that of a longer-term horizon that identifies needs beyond 10 years, which would
allow for an appropriate comparison of alternatives that have different useful lifespan horizons.

Reliability
= Provide safe and reliable electrical service consistent with the SCE’s Subtransmission Planning
Criteria and Guidelines.

= Increase electrical system reliability by constructing a project in a location suitable to serve the
Electrical Needs Area (i.e., the area served by the existing Valley South System).

Operational flexibility and Resiliency

= |ncrease system operational flexibility and maintain system reliability (e.g., by creating system tie-
lines that establish the ability to transfer substations from the current Valley South System and to
address system operational capacity needs under normal and contingency (N-1) conditions.

CONFIDENTIAL/PROPRIETARY © 2019 QUANTA TECHNOLOGY, LLC




y ,, | QUANTA REPORT
@ TECHNOLOGY

ALBERHILL SYSTEM PROJECT ALTERNATIVES ANALYSIS | SCE

3.2  Reliability Framework and Study Assumptions

In order to develop a framework to effectively evaluate the performance of a project, the overall study
methodology was broken down into the following elements:

Develop metrics to establish project performance,
Quantify the project performance using commercial power flow software,
Establish platform to evaluate monetized and non-monetized project benefits,

il N

Utilize tools such as benefit-cost ratio, incremental benefit-cost analysis and $/Unit Benefit to
substantiate alternative selection and conclusions.

Each of the above areas are further detailed throughout this chapter.

3.2.1 Study Inputs

SCE provided Quanta Technology with information pertinent to the Valley South, Valley North, and the
proposed ASP systems. This information encompassed the following data:

1. GE PSLF power flow models for Valley South and North Systems.
a. 2018 system configuration (current system).
b. 2021 system configuration (Valley-lvyglen!® and VSSP!! projects modeled and included).
c. 2022 system configuration (with the ASP in service).

2. Substation layout diagrams representing the Valley Substation.

3. Impedance drawings for the Valley South and Valley North Systems depicting the line ratings and
configurations.
Single-line diagram of the Valley South and Valley North System:s.

5. Contingency processor tools to develop relevant study contingencies to be considered for each system
configuration

6. 8,760 load shape of the Valley South System.

7. Advanced Metering Infrastructure (AMI) data for metered customers in the Valley South and North
Systems with circuit and substation association, annual consumption amount, and peak demand use.

The reliability assessment utilizes the load forecasts developed for Valley South and Valley North System
service territories to evaluate the performance of the system for future planning horizons. The developed
forecasts are detailed in Chapter 2 of this report. The primary forecasts under consideration for reliability
analysis is the Effective PV (§2.4) along with associated sensitivities, the Spatial Base Forecast (§2.4) and
PVWatts (§2.4). The Effective PV forecast is expected to most closely resemble the levels of growth
anticipated in the Valley system. The developed forecasts take into consideration the variabilities in future
developments of Photovoltaic, Electric Vehicles, Energy Efficiency, Energy Storage, and Load Modifying
Demand Response.

10 valley-lvyglen project CPUC Decision 18-08-026 (issued August 31, 2018).
11 ySSP (Valley South 115 kV Subtransmission Project) CPUC Decision 16-12-001 (issued December 1, 2016).
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The load forecasts for Valley South are presented in Figure 3-1, which demonstrate system deficiency in
(need) year 2022 (Effective PV and PVWatts) and 2021 (Spatial Base), where the loading on the Valley
South transformers exceeds maximum operating limits (1,120 MVA). Figure 3-2, presents the
representative load forecast for Valley North where the loading on the Valley South transformers exceeds
maximum operating limits (1,120 MVA) by 2045 in the Spatial Base forecast.

Benefits begin to accrue coincident with the project need year. For purposes of this assessment, it is
assumed that the project will be in service by this year, and benefits accrue from need year to the end of
the 10-year horizon (2028) and the 30-year horizon (2048).

Valley South Forecast
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800
2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040 2042 2044 2046 2048

Year

Operating Limit PVWatts  —@— Effective PV Spatial Base (No added DER)

Figure 3-1 Valley South Load Forecast (Peak)
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Valley North Forecast
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Figure 3-2 Valley North Load Forecast (Peak)

System configuration for the years 2018, 2021, and 2022 are depicted in Figure 3-3 through Figure 3-5.

Figure 3-3 Valley South System Configuration (2018)
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